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PROBLEM TO BE SOLVED: To prevent an impedance at 
the time of a high frequency from being increased by 
forming a coil leading layer applying a recording current 
to a coil layer with a conductive material having a low 
specific resistance different from that in an upper core 
layer. 

SOLUTION: A coil pulling out layer 6 is formed with the 
same material and the same process as these in a main 
electrode layer 5 applying a detection current to a 
magneto-resistive effect element layer 3 and a 
conductive layer 9 is formed with the same material and 
with the same process as these in a lower part core 
layer 8. The winding center part 12a of a coil layer 12 is 
connected to the conductive layer 9. Since the coil 
pulling out layer 6 and a coil leading layer 13 are formed 
with conductive magnetic materials having low specific 
resistance, the impedance of this magnetic head is made 
low. Moreover, core layers 8,15 can be formed with soft 
magnetic materials having high specific resistances. 




LEGAL STATUS 

[Date of request for examination] 18.08.1 999 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner s decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 31 51 1 55 

[Date of registration] 1 9.01 .2001 

[Number of appeal against examiner's decision 

of rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 



htto://www1 iDdl iDO ero iD/PA1/result/detail/main/wAAA3l5959DA4100R^5iqP1 htm (13/03/01 



Searching PAJ 2/2 ^— V 

[Date of extinction of right] 

Copyright (C); 1998,2000 Japan Patent Office 



u /DA1 /~ u /j^4.-.:i / :~ /...a a a i cncnn nnoori nrn Li — 



no /no ff\ a 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The thin film magnetic head characterized by having prepared the coil drawer layer 
which is characterized by providing the following, and which was formed simultaneously with a 
main-electrode layer with the same material as the aforementioned main-electrode layer in the 
thin film magnetic head, and the volume core of the aforementioned coil drawer layer and the 
aforementioned coil layer having flowed. Magnetoresistance-effect element layer. The main- 
electrode layer which gives detection current to this magnetoresistance-effect element layer. 
The lower core layer formed through the insulating layer on the main-electrode layer. The coil 
layer which guides a magnetic field to the aforementioned lower core layer, the up core layer 
which counters through a magnetic gap, and both the core layer in the opposite section with a 
record medium. 

[Claim 2] The thin film magnetic head according to claim 1 between which it is placed by the 
conductive layer formed simultaneously with a lower core layer between the volume cores of the 
aforementioned coil drawer layer and a coil layer with the same quality of the material as the 
aforementioned lower core layer. 

[Claim 3] The thin film magnetic head according to claim 1 or 2 through which the 
aforementioned coil layer and the coil lead layer formed simultaneously with a coil layer with the 
same quality of the material are formed on the insulating layer, and this coil lead layer and the 
aforementioned coil drawer layer have flowed. 

[Claim 4] The thin film magnetic head according to claim 1 to 3 to which the coil lead layer of 
another side has extended from the volume outer edge of a coil layer to one. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the thin film magnetic 
head used for example, for the surfacing formula magnetic head etc., and relates to the thin film 
magnetic head which used the magnetoresistance effect especially, to read and by which the 
laminating of the head for writing of an inductive mold is carried out on the head. 
[0002] 

[Description of the Prior Art] Drawing 3 is the expanded sectional view showing the composition 
of the conventional thin film magnetic head. This thin film magnetic head used and reads the 
magnetoresistance effect to the trailing side edge side of the slider which constitutes a surfacing 
formula head, and the laminating of a head hi and the inductive head h2 for writing is carried out. 
With the read-out head hi, the lower gap layer 2 by aluminum 203 (alumina) etc. is formed on 
the lower shield layer 1 formed of magnetic materials of high permeability, such as a Sendust and 
a permalloy, and the magnetoresistance-effect element layer 3 is formed on it. The 
magnetoresistance-effect element layer 3 consists of three layers, and the laminating is carried 
out to the order of a lower shell soft-magnetism layer (SAL layer), a non-magnetic layer (SHUNT 
layer), and a magnetoresistance-effect layer (MR layer). Usually, a magnetoresistance-effect 
layer is a layer of a Fe-nickel system alloy (permalloy), and a non-magnetic layer is a layer of a 
tantalum (Ta), and the soft-magnetism layer is formed with the nickel-Fe-Nb system alloy etc. 
[0003] The hard bias layer 4 is formed in the both sides of the aforementioned 
magnetoresistance-effect element layer 3 as a vertical bias layer. Moreover, it applies on the 
lower gap layer 2 from on the aforementioned hard bias layer 4, and the main-electrode layer 5 
of nonmagnetic conductivity material with small electric resistance, such as Cu (copper) and W 
(tungsten), is formed. Furthermore on it, the up gap layer 7 by the alumina etc. is formed. On the 
aforementioned up gap layer 7, the lower core layer 8 is formed of plating of a permalloy etc. In 
an inductive head h2, this lower core layer 8 functions on a record medium as a core which gives 
a record magnetic field, and the lower core layer 8 functions as an up shield layer with the read- 
out head hi. 

[0004] On the aforementioned lower core layer 8, the laminating of the insulating layer 1 1 formed 
of the gap layer (non-magnetic material layer) 10, the polyimide, or resist material by the alumina 
etc. is carried out, and the coil layer 1 2 by which pattern formation was carried out so that it 
might become spiral is formed on the aforementioned insulating layer 1 1 . The aforementioned 
coil layer 12 is formed with nonmagnetic conductivity material with small electric resistance, 
such as Cu (copper). And the aforementioned coil layer 1 2 is surrounded by the insulating layer 
14 formed with a polyimide or resist material, and the up core layer 15 formed by magnetic 
materials, such as a permalloy, on the aforementioned insulating layer 14 is formed. The 
magnetic gap of the magnetic-gap length Gl to whom the point 1 5a counters through the 
aforementioned gap layer 10 on the lower core layer 8, and gives a record magnetic field to a 
record medium is formed, and nd face section 1 5b is magnetically connected with the lower 
core layer 8 for the aforementioned up core layer 1 5. 

[0005] Drawing 4 is the plan showing the formation state of the coil lead layer for giving record 
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current to the coil layer 12. As shown also in drawing 3 , the 1st coil lead layer 18 is formed so 
that the coil layer 12 may be crossed on an insulating layer 14, into the hole formed in the 
insulating layer 14, bump formation is carried out and point 18a of the 1st coil lead layer 18 is 
electrically connected to volume core 12a of the coil layer 12. Moreover, bump formation is 
carried out into the hole where the 2nd coil lead layer 19 was also formed on the insulating layer 
14, and was formed in the insulating layer 14, and it connects with volume outer edge 12b of the 
aforementioned coil layer 1 2 electrically. 

[0006] The 2nd coil lead layer 19 is formed [ aforementioned ] by reaching 1st coil lead layer 18 
with the same quality of the material as the up core layer 15, it reaches 1st coil lead layer 18, 
and the 2nd coil lead layer 19 and the aforementioned up core layer 15 are simultaneously 
formed [ aforementioned ] of plating. Of the layer from the lower core layer 8 to the up core 
layer 15, the inductive head h2 for writing is formed. In this inductive head h2, it reaches 1st coil 
lead layer 18, record current is given to the coil layer 12 from the 2nd coil lead layer 19, and a 
record magnetic field is guided to the up core layer 15 and the lower core layer 8 from the 
aforementioned coil layer 12. And a magnetic signal is recorded on the record medium to a hard 
disk etc. by the leak magnetic field from point 15a of the lower core layer 8 in the portion of the 
magnetic-gap length Gl, and an up core layer. 
[0007] 

[Problem(s) to be Solved by the Invention] In the conventional thin film magnetic head shown in 
drawing 3 and drawing 4 , although the coil layer 12 is formed by the low Cu of electric 
resistance etc., the coil lead layers 18 and 19 are formed of soft magnetic materials, such as the 
same permalloy as the up core layer 1 5. Therefore, it will depend not only on the specific 
resistance of the coil layer 12 but on the specific resistance of the coil lead layers 18 and 19 
made from soft magnetic materials for the impedance in the path which gives record current to 
the coil layer 12. However, since it is high compared with Cu etc., the specific resistance of the 
soft magnetic materials which reach 1st coil lead layer 18 and form the 2nd coil lead layer 19 has 
a high impedance, and has a fault leading to a noise. 

[0008] Moreover, in order to make high recording density of a magnetic signal to record media, 
such as a future hard disk, while it is required to shorten gap length Gl of the magnetic gap of 
the lower core layer 8 and the up core layer 15, it is required to make high to several 100MHz or 
more frequency of the magnetic field guided to the lower core layer 8 and the up core layer 15 
from the coil layer 12. However, in order to perform magnetic recording by high frequency, the 
soft-magnetism property of the lower core layer 8 and the up core layer 1 5 is raised, 
permeability is still higher, and it is required to use high saturation magnetic flux density, low 
coercive force, and the magnetic material of high specific resistance. If the aforementioned up 
core layer 15 is formed by the permalloy etc. like before, the core loss according [ specific 
resistance ] to the eddy current loss at the time of RF record will become large comparatively at 
a low sake. 

[0009] Then, in order to enable record on high frequency, in the thin film magnetic head of the 
structure shown in ^aw_Lng_3 and drawin g 4 , it considers forming the up core layer 15 by the 
soft magnetic materials of high specific resistance. However, the 1st coil lead layer 18 and the 
2nd coil lead layer 1 9 will be formed in this case with the same material of high specific 
resistance as the up core layer 15, and we cause the increase in an impedance, and are anxious 
about the noise at the time of RF record increasing. 

[0010] this invention solves the above-mentioned conventional technical problem, the coil lead 
layer which gives record current to a coil layer is formed by the conductive material of low 
specific resistance different from an up core layer, and it aims at offering the thin film magnetic 
head which enabled it to prevent increase of the impedance in the time of RF record. 
[001 1] Moreover, as this invention can form an up core layer by the magnetic material of high 
specific resistance which was excellent in the soft-magnetism property, it aims at offering the 
thin film magnetic head which enabled it to improve the recording characteristic in high 
frequency. 

[0012] Furthermore, in case this invention forms the aforementioned coil lead layer, it aims at 
offering the thin film magnetic head which abolished the need of increasing the number of layers 



3/7 s<—i> 



and membrane formation process of the whole head. 
[0013] 

[Means for Solving the Problem] The main-electrode layer to which this invention gives 
detection current to a magnetoresistance-effect element layer and this magnetoresistance- 
effect element layer, In the thin film magnetic head in which the aforementioned lower core layer, 
the up core layer which counters through a magnetic gap, and the coil layer which guides a 
magnetic field to both the core layer were prepared in the opposite section of the lower core 
layer formed through the insulating layer on the main-electrode layer, and a record medium The 
coil drawer layer formed simultaneously with a main-electrode layer with the same material as 
the aforementioned main-electrode layer is prepared, and it is characterized by the volume core 
of the aforementioned coil drawer layer and the aforementioned coil layer having flowed. 
[0014] In the above, it is desirable that the conductive layer formed simultaneously with a lower 
core layer between the volume cores of the aforementioned coil drawer layer and a coil layer 
with the same quality of the material as the aforementioned lower core layer intervenes. 
[0015] Furthermore, the aforementioned coil layer and the coil lead layer formed simultaneously 
with a coil layer with the same quality of the material are formed on the insulating layer, it is 
possible to consider as the structure where this coil lead layer and the aforementioned coil 
drawer layer have flowed, and it is also easy to consider as the structure where the coil lead 
layer of another side has extended to one, from the volume outer edge of a coil layer further. 
[0016] In this invention, a path until record current flows in a coil layer turns into a path which 
passes the 1st coil lead layer and a coil drawer layer (and conductive layer), and reaches the 
volume core of a coil layer, and a path which results in the volume outer edge of the 2nd coil 
lead layer to a coil layer, the aforementioned coil drawer layer is formed with the low quality of 
the material of the same specific resistance as a main electrode — having — the [ the 
aforementioned 1st coil lead layer and ] — since 2 coil lead layer is formed with the low quality 
of the material of the same specific resistance as a coil layer — the [ the aforementioned coil 
drawer layer, the 1 st coil lead layer, and ] — the impedance of 2 coil lead layer and a coil layer 
becomes low 

[0017] Moreover, although a conductive layer is formed by the high magnetic material of the 
same specific resistance as a lower core layer, since the volume of the aforementioned 
conductive layer is very small, most resistance of this conductive layer becomes the minute 
thing which can be disregarded. 

[0018] Moreover, since a lower core layer and an up core layer are separate from a coil lead 
layer, the recording characteristic in the high frequency to a record medium can be improved by 
being able to choose the soft magnetic materials which constitute a lower core layer and an up 
core layer regardless of the impedance of the record current path to a coil layer, and choosing 
high saturation magnetic flux density other than a permalloy etc., low coercive force, and the 
soft magnetic materials of high specific resistance. 

[0019] moreover, the aforementioned coil drawer layer is formed at the same process as 
formation of a main-electrode layer — having — the [ the 1st coil lead layer and ] — since 2 
coil lead layer is formed at the same process as formation of a coil layer — the [ the 
aforementioned coil drawer layer, the 1st coil lead layer, and ] — in order to form 2 coil lead 
layer, it is not necessary to make [ more ] structure of a layer than before 
[0020] 

[Embodiments of the Invention] Hereafter, this invention is explained with reference to a drawing. 
Drawing 1 is the cross section of the thin film magnetic head of this invention. Drawing 2 is the 
perspective diagram showing the state before the insulating layer 1 4 and the up core layer 1 5 of 
the thin film magnetic head are formed. In addition, drawing 1 is a cross section equivalent to the 
I-I line cross section of drawing 2 . This thin film magnetic head is prepared in the trailing side 
edge side of the slider of the surfacing formula magnetic head established in a hard disk drive 
unit etc., and used and reads the magnetoresistance effect, and the laminating of a head hi and 
the inductive head h2 for writing is carried out. From the lower shield layer 1 to the lower core 
layer (up shield layer) 8 reads, and it is a head hi, and the portion above the lower core layer 8 
writes in, and it is the inductive head h2 of business. 
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[0021] The lower shield layer 1 formed in the aforementioned trailing side edge side by the 
Sendust (Fe-aluminum-Si system alloy) or the permalloy is formed, and the lower gap layer 2 
formed by insulating materials, such as aluminum 203 (alumina), on the lower shield layer 1 is 
formed. The magnetoresistance-effect element layer 3 is formed on the lower gap layer 2. This 
magnetoresistance-effect element layer 3 is three layer structures, and is a lower shell SAL film 
(nickel-Fe-Nb system alloy), a SHUNT film made from a non-magnetic material (for example, Ta 
(tantalum)), and a MR film (Fe-nickel system alloy) that has the magnetoresistance effect. And 
the hard bias layer 4 which gives a vertical bias magnetic field to the magnetoresistance-effect 
element layer 3 is formed in contact with the side of the magnetoresistance-effect element layer 
3. 

[0022] The main-electrode layer 5 which gives detection current to the magnetoresistance- 
effect element layer 3, respectively is formed in the aforementioned hard bias layer 4 prepared in 
the both sides of the magnetoresistance-effect element layer 3. The aforementioned main- 
electrode layer 5 is formed with the low nonmagnetic conductivity material of electric resistance, 
such as W (tungsten), and Cu (copper) or Au(gold). Moreover, on the lower gap layer 2, it is 
formed simultaneously with the main-electrode layer 5 with the same quality of the material as 
the main-electrode layer 5, and the main-electrode layer 5 and the separated coil drawer layer 6 
are formed. This coil drawer layer 6 is formed at the following processes. 
[0023] The layer of the low nonmagnetic conductivity material of electric resistance is 
extensively formed of a spatter or a vacuum deposition on the lower gap layer 2 at the 
magnetoresistance-effect element layer 3 top and the hard bias layer 4 top row. And it leaves 
only the aforementioned main-electrode layer 5 and the coil drawer layer 6, and the becoming 
layer, and other nonmagnetic conductivity material is removed by wet etching or dry etching. 
Moreover, when there is no etch selectivity by wet etching or dry etching between the material 
of the magnetoresistance-effect element layer 3 and the material of the hard bias layer 4, and 
the nonmagnetic electrical conducting material that forms the main-electrode layer 5, a resist 
layer is formed in fields other than the pattern of the main-electrode layer 5 and the coil drawer 
layer 6, the low non-magnetic material of electric resistance is formed by the low-temperature 
spatter (AC, RF magnetron, ion beam spatter), and the aforementioned resist layer is removed. 
Thus, the main-electrode layer 5 and the coil drawer layer 6 are the same material, and it is 
formed at the same membrane formation process. Moreover, it extends to the position where 
only the size T1 of the coil layer 12 formed later most fixed than outside coil 12c projects 
outside, and Crevice Ta is formed between the aforementioned main-electrode layer 5 and the 
aforementioned coil drawer layer 6, and the aforementioned coil drawer layer 6 of each other is 
separated. 

[0024] 7 is the up gap layer formed with insulating material (non-magnetic material), such as an 
alumina. Besides, the section gap layer 7 is extensively formed by the spatter etc. so that the 
magnetoresistance-effect element layer 3, main-electrode layer 5, and coil drawer layer 6 top 
may be covered. After the up gap layer 7 is formed, the hole where the minimum width-of-face 
size for soffit section 9a of the conductive layer 9 mentioned later intervening becomes T2 is 
formed of ion milling etc. On the aforementioned up gap layer 7, the lower core layer 8 formed by 
the Fe-nickel system alloy (permalloy) or the high soft magnetic materials of the specific 
resistance explained later is formed. In addition, this lower core layer 8 used and reads the 
magnetoresistance effect, and is made to serve a double purpose as an up shield layer of a head 
hi. 

[0025] The conductive layer 9 is formed behind the aforementioned lower core layer 8. A 
conductive layer 9 is formed at the same process as the lower core layer 8 by the same material 
as the lower core layer 8. Niamely, when the lower core layer 8 is formed by plating or the 
spatter, the layer of the same magnetic material is formed in the portion of the hole of the 
aforementioned width-of-face size T2 of the up gap layer 7 with the up gap layer 7, and the 
lower core layer 8 and a conductive layer 9 are separated only for a crevice Tb at the time of 
this formation. Moreover, it connects with the coil drawer layer 6, and soffit section 9a of the 
aforementioned conductive layer 9 flows. Although this conductive layer 9 makes it flow through 
the coil drawer layer 6 and the coil layer 1 2, since this conductive layer 9 reduces the electric 
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resistance of the conductive layer 9 when forming the lower core layer 8 with high specific 
resistance material since it is formed by the same soft magnetic materials as the lower core 
layer 8, the width-of-face size T3 (cross section in the cross section) of a conductive layer 9 is 
desirable [ the conductive layer ] for the larger possible one. 

[0026] Next, spatter formation of the gap layer (non-magnetic material layer) 10 which 
determines an interval (gap length Gl) with point 15a of the lower core layer 8 in an inductive 
head h2 and the up core layer 15 on a conductive layer 9 and the up gap layer 7 is carried out by 
the alumina, Si02, etc. on the lower core layer 8. An insulating layer 1 1 is formed of organic resin 
material, such as a polyimide, on this gap layer 10. And the gap layer 10 and an insulating layer 
1 1 are removed by ion milling etc. so that the minimum width-of-face size may be set to T4 on a 
conductive layer 9. Moreover, on the coil drawer layer 6, the up gap layer 7, the gap layer 10, and 
an insulating layer 1 1 are removed by ion milling etc. so that the minimum width-of-face size 
may be set to T5. 

[0027] 12 is the coil layer formed of the low nonmagnetic conductivity material of specific 
resistance, such as Cu (copper). Pattern formation of the aforementioned coil layer 1 2 is spirally 
carried out on the aforementioned insulating layer 11. Although the coil layer 12 is formed like a 
galvanizer between the resist patterns formed on an insulating layer 1 1, at this time, from the 
hole of the above T4, it connects with the aforementioned conductive layer 9, and it flows 
through volume core 12a of the coil layer 12. Moreover, as shown in drawin g 2 , in volume outer 
edge 12b of the coil layer 12, the 2nd coil lead layer 16 is simultaneously formed in one at the 
time of formation of the coil layer 12. This 2nd coil lead layer 16 has extended towards the 
method of outside from the coil layer 12. 

[0028] Furthermore, it reaches aforementioned coil layer 12 and the 1st coil lead layer 13 is 
formed of low specific resistance material, such as the same Cu as the coil layer 12, at the same 
process as plating formation of the 2nd coil lead layer 1 6. As shown in drawing 1 , through the 
hole of the aforementioned width-of-face size T5 which penetrates the up gap layer 7, the gap 
layer 10, and an insulating layer 11, it connects with the aforementioned coil drawer layer 6, and 
flows through end-connection section 13a of the 1st coil lead layer 13. 

[0029] Moreover, as shown in drawing 2 , the electrode lead layers 21 and 22 are formed on the 
insulating layer 11. These electrode lead layers 21 and 22 reach 2nd coil lead layer 16 with the 
aforementioned coil layer 12, and are formed like the same galvanizer of nonmagnetic 
conductivity material, such as the same Cu as the 1st coil lead layer 13. Through the hole 
formed outside the formation field of the lower core layer 8 at the up gap layer 7, the gap layer 
10, and the insulating layer 11, it connected with each main-electrode layers 5 and 5, and has 
flowed through each end-connection section 21a and 22a of these electrode lead layers 21 and 
22. 

[0030] That is, although the coil layer 12, the 1st coil lead layer 13, the 2nd coil lead layer 16, 
and the electrode lead layers 21 and 22 are formed simultaneously, at the process, a resist 
pattern is formed in fields other than aforementioned each class on an insulating layer 11, and 
plating formation of the nonmagnetic conductivity material, such as Cu, is carried out between 
this resist pattern. After aforementioned each class is formed, the insulating layer 14 by organic 
materials, such as a polyimide, is formed on it. Furthermore, the up core layer 15 is formed on it 
of high or specific resistance material which were further excellent in the soft-magnetism 
property, such as a permalloy. Besides, the section core layer 15 is formed of plating or a 
spatter, and point 15a of the up core layer 15 is joined by gap length Gl through the gap layer 10 
on the lower core layer 8. Moreover, the hole of the minimum width-of-face size T6 which 
penetrates the gap layer 10, an insulating layer 11, and an insulating layer 14 is formed, and end 
face section 15b of the up core layer 15 is magnetically connected with the lower core layer 8 
through the aforementioned hole. Moreover, on the up core layer 15, the protective coat (not 
shown) formed with non-magnetic materials, such as an alumina, is prepared. 
[0031] Next, operation of the aforementioned inductive head h2 is explained. The path of record 
current results [ from the 1st coil lead layer 13 ] in volume core 12a of the coil layer 12 through 
the coil drawer layer 6 and a conductive layer 9. The aforementioned 1st coil lead layer 13 is 
formed with the same quality of the material as the low coil layer 1 2 of specific resistance, and 
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since the coil drawer layer 6 is formed with the same quality of the material as the low main- 
electrode layer 5 of specific resistance, the electric resistance of the aforementioned 1st coil 
lead layer 13 and the aforementioned coil drawer layer 6 is low here. Moreover, although specific 
resistance is formed by the same soft magnetic materials as the high lower core layer 8, since 
the size of the direction of current of a conductive layer 9 is very short, the electric resistance 
of a conductive layer 9 is very minute [ the aforementioned conductive layer 9 ]. Since it is 
formed with the quality of the material as the low coil layer 1 2 of specific resistance also with 
the 2nd coil lead layer 16 same again, the electric resistance of the aforementioned 2nd coil lead 
layer 1 6 is low. As mentioned above, the impedance of the current path to the coil layer 1 2 
becomes low, and a noise can be reduced. 

[0032] If record current is passed by the aforementioned coil layer 12, a record magnetic field is 
guided to the lower core layer 8 and the up core layer 15, and it will leak from point 15a of the 
lower core layer 8 in the portion of the magnetic-gap length Gl, and the up core layer 1 5, and will 
become a magnetic field, and a magnetic signal will be recorded on a record medium. The lower 
core layer 8 and the up core layer 15 to which a record magnetic field is guided Since it is 
formed with a material unrelated to the path of the record current to the coil layer 1 2, The soft 
magnetic materials which constitute the lower core layer 8 and the up core layer 15 can be 
independently chosen freely with the energization path to a coil. For example, it is also possible 
to form both the aforementioned lower core layer 8 and the up core layer 1 5 with a Fe-nickel 
system alloy (permalloy), or to form by soft magnetic materials with still higher specific 
resistance rather than a permalloy. By forming the lower core layer 8 and the up core layer 1 5 
by the high soft magnetic materials of specific resistance, the eddy current loss of the record 
magnetic field of high frequency can be reduced, and a RF recording characteristic can be 
improved. 

[0033] Compared with a permalloy, specific resistance can illustrate highly what is shown below 
as soft magnetic materials of low coercive force by high saturation magnetic flux density. 
[0034] (1) an empirical formula shows by FeaMbOc — having — the composition ratios a, b, and 
c — atomic % — it is — 50 <=a<=705 <=b<=3010 <=c<=30 a+b+c=100 — the soft magnetic 
materials characterized by satisfying a relation Fe is a principal component and is an element 
which bears magnetism. M consists of one kind or two kinds or more of elements among rare 
earth elements among one kind or two kinds of elements or 4A group of a periodic table, 5A 
group, and 6A group. These can form an oxide by combining with oxygen, and specific resistance 
can be raised by adjusting the content of the aforementioned oxide. It is that in which the 
microcrystal phase of Fe of bcc structure and the amorphous phase which contains Elements M 
and O so much were intermingled preferably, and the ratio of the microcrystal phase of Fe is 50% 
or less. 

[0035] (2) c which an empirical formula is shown by xMyQzXwYs (Co1-cTc) and shows a 
composition ratio — 0.05<=c<=0.5y, and z, w and s — atomic % — it is — 

3<=y<=307<=z<=400<=w<=200<=s<=20 — the soft magnetic materials characterized by satisfying 
a relation T consists of one kind or two kinds or more of elements among Fe, nickel, Pb, Mn, and 
aluminum. Moreover, Above T and Co (cobalt) is principal components. M consists of one kind or 
two kinds or more of elements among Ti, Zr, Hf, Nb, Ta, Mo, and W among one kind or two kinds 
or more of elements, and rare earth elements. Q consists of one kind or two kinds or more of 
elements among O, C, and B. X consists of one kind or two kinds of elements among Si or Cr. Y 
consists of one kind or two kinds or more of elements among the elements of Au, Ag, and a 
platinum group. 

[0036] It is that in which the microcrystal phase which consists of a microcrystal which makes 
Co of fee structure a principal component, and a microcrystal which makes Fe of bcc structure a 
principal component preferably, and the amorphous substance which includes Above M and O so 
much were intermingled, and the ratio of a microcrystal phase is 50% or less. Moreover, in 
reading operation of the read-out head hi, detection current is given to the magnetoresistance- 
effect element layer 3 through the main-electrode layer 5 from the electrode lead layers 21 and 
22, and the leak magnetic field from record media, such as a hard disk, is detected by the 
magnetoresistance effect of the magnetoresistance-effect element layer 3. 
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[0037] It can form at the same process as the coil layer 12, the aforementioned 1st coil lead 
layer 13, the 2nd coil lead layer 16, and the electrode lead layers 21 and 22 can form the coil 
drawer layer 6 at the same process as the main-electrode layer 5, further, since they can form a 
conductive layer 9 at the same process as the lower core layer 8, its composition of a layer does 
not increase and the manufacturing process of the whole head does not have a bird clapper 
more intricately than before. 

[0038] In addition, in drawing 1 , although the coil drawer layer 6 and the coil layer 12 are 
connected through the conductive layer 9, this conductive layer 9 may be formed with a 
different conductive material from the lower core layer 8, a conductive layer 9 is not formed, but 
the coil drawer layer 6 and the coil layer 12 may be connected directly. 

[0039] Moreover, in the read-out head hi, you may be the structure where the laminating of the 
up gap layer 7 is carried out on the lower gap layer 2, and the main-electrode layer 5 and the 
coil drawer layer 6 are formed on it in fields other than magnetoresistance-effect element layer 
3. In this case, flow connection was made at the coil drawer layer 9 through the hole where the 
insulating layer of an organic material or inorganic material was formed, the lower core layer 8 
and the conductive layer 9 were formed on this insulating layer, and the conductive layer 9 was 
formed on the main-electrode layer 5 and the coil drawer layer 6 at the aforementioned 
insulating layer. 
[0040] 

[Effect of the Invention] According to this invention explained in full detail above, the path until 
record current flows in a coil layer consists of a coil drawer layer and a coil lead layer, and it is 
[0041]. (b) The aforementioned coil drawer layer is formed with the low quality of the material of 
the same specific resistance as a main-electrode layer, and since the coil lead layer is formed 
with the low quality of the material of the same specific resistance as a coil layer, it can make 
low each impedance of a coil layer and its energization way. 

[0042] (b) The path, and the lower core layer and the up core layer of record current to a coil 
layer can be formed with a different material. Therefore, a lower core layer and an up core layer 
can be formed by the high soft magnetic materials of specific resistance, the eddy current loss 
in RF record etc. can be reduced, and a recording characteristic can be improved. 
[0043] (c) A coil drawer layer is formed simultaneously with a main-electrode layer, and since a 
coil lead layer is formed simultaneously with a coil layer, it does not newly need to prepare the 
manufacturing process of a coil drawer layer and a coil lead layer. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] The expanded sectional view equivalent to the H line cross section of drawing 2 
which shows the structure of the thin film magnetic head of this invention, 

[Drawing 2] The perspective diagram showing the thin film magnetic head of this invention in the 
state before an insulating layer and an up core layer are formed, 

[Drawing 3] The expanded sectional view showing the structure of the conventional thin film 
magnetic head, 

[Drawing 4] The part plan showing the energization path to the coil layer in the conventional thin 
film magnetic head, 
[Description of Notations] 

5 Main-Electrode Layer 

6 Coil Drawer Layer 

8 Lower Core Layer 

9 Conductive Layer 

12 Coil Layer 
12a Volume core 

1 2b Volume outer edge 

13 1st Coil Lead Layer 

15 Up Core Layer 

1 6 2nd Coil Lead Layer 
hi Read-out head 

h2 Inductive head 
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Sri^J6-5Ct^T#-5„ STSb<«, bcciigOFe 

ffibfcfeOT?, F e©f&*g,§l*B©lt^5 0%filTtfc 

[0 0 3 5] (2) ffiJErKsC^ (Col-cTc) xMyQzXw 

40 0. 0 5^c^0. 5 
y, z. w, sttS^^T. 
3 -Sy< 3 0 
7 ^zS 4 0 
0 2 0 
O^s^ 2 0 

Fe, Ni, Pb, Mn, A )©5*,ll?gifcli2S 
SR-h©7t^T^^*lTH-5. SfcB^fBTtCo (3 
A)Vb) fiiJ5£»T*-5„ MBTi, Zr, Hf, N 
50 b, Ta, Mo, W©3^ 1 a^*fc«2®^±©7C 
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mt^±m7tm(Dvt> 1 mm&tz\z2mmu±v>7tm-e 

MSlWi?.. Q«o. C, B©9^1iSSttt2 
a^±©5c*T«fi£$nTV^. XteS i SfcttC r 

iiAu, Agt&&m<D7tm(Do*>imm&tcte2mm 

EU:©7C»X*ij£2 *IX l» 3 . 
[0 0 3 6] Sf*t<«> f ccig©Co^»t 

ffiiJ-HI2 1t2 2)!i^±tI15^LT, &»*g 

^B3«®mStn;S<)^tCcfcO, A-H^^X^^Ct'cOfB 
<t> CDftnm^^Ui 2 tl£. 
[0 0 3 7] BflfBm 1 1 3, ^2n-f;l/ 

U-HJS1 6. m«D-F»2 1, 2 211 ^-DlMl 
2£|B)CIgTffi5j5£X€, n-f ^?lti5S6«±mSB5 
tPJCXgTiMfcXi*. $e»(C^B9«TgP3T«8 

[oo3 8]7S*5> iiTii u-i)m\mm6 t^-ov 

11 2ti!)S»tI9^LTM3nTl^^ Z.<DM 

mm 9 8 £mts.z>Mmmm-vmi&i-T>b 

[0 0 3 9] £fc, S^tttb'N-y Hh 1 ICi5V>X, 
Sta^^ Jf 3 £JW©#l«T\ Wt7^12ffl± 

tfn-r iveimse^^^n^^xfeox^j:^. ^ 
9 ifi mz%mm \z mm s nfc a s-tf- b x n -r a- 3 1 mm 9 

[0 0 4 0] 

[fs^©?j«] «±^Kfibfc*^wtcj;nn n-f ;m 



(6) 1 0- 8 3 5 1 9 
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\zt&mnm*$itiz> £x©;i!&#n -r asi tan*; ±v 3 
[0041] (-0 sdie^-r^^imwii. ^msnti^ 
;PBti^Ulteei©<£^^^x^$nxv^fcJ6, n 
<x#-&. 

[0 0 4 2] (n) n-f ;WH^<Df2^mdS©«l?St, T 
10 oX, TgS3X®S^-hS6nTB^itata©?iS^$»:fiStt 

ttm^i&-r&;i£#x-#, ;i&^&fBfitx©iia«isa*& 
[0043] (a) w( ji5mmte±mmmtmm\zM 

fcfe, 3-f;w3imB:fc<fctf:3-^ , J-Fg©S{igxg£ 

[0®w{a*fti»^] 

[gi 1 ] *mwv>mmm^'y wmm^tm 2 © 1 

20 [02] ^BJWjSJBSfiBM^y h*£. *6^«t±gEnT 

[0 3] «©i«lA7 F©«ia£rsmfc*:£ria 
0. 

[04] «£*©^a^,^-> HTOn-fM^MS 

5 

6 rn-Ol^imJf 
8 TSPnTB 

30 9 mnm 

1 2 a-iftm 

1 2 a ^^frSB 

1 2 b 

1 3 Iia-f^'J-h'I 

1 5 Xg&nxJi 

16 f^n-f ;m-h*« 

hi l*HilAyH 

h2 y?>77-4 Zf^y H 

03] 
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